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(54) CnOCOB H3rOTOB/lEHl4fl rOOPHPO- 

BAHHOrO CTA^bHOrO n/IACTblPK 

(57) CytMHocTb n3o6pereHHA: TepMoo6pa6oTKy 

n/18CTUp0 T0K3MM BMCOKOt* HaCTOTW OCymeCT* 

8/ittioT nocne rocfcpwpoeaHKH, a cMa30Mnuti 

C/JOft H8H0C*T nOUTOpHO HOC/ie OX/»aXAGHMP. 

flpe/vtaraeMUft cnocoB no3Bo/»aeT aa c^er no- 
BtxtueHMfl n/iacTviMHUK cboActb MeTan/ia na- 
Agwho oOecneMKTb repMeTn3anw»o 
pewoHTupyeMOro ysacTxa CKBa*n*u. 1 rao*. 



WaoGpereHvte othochtc* k o£pa6oTKe Me- 

TM/ta A8BiT0HM6M, 6 M8CTH0CTH K TGXHOAOrMH 

MaroToaneHun ro^pupoaaHHbix rpy5. 

OCHOBHUMWI OnepaUHSMM B TeXHOAOfMM*- 

ckom npouecce MsroToa/ieNwa tohkoctchhux 
ro4>pnpoBaMHwx Tpy6 aeviAetc* xOnoAHaJ* A©- 
<}>opMaun«,.HanpwMep ao/K>Meni/te vi npox&TKa 
Tpy6; xwMM»*ec*a^ o5pa6oTxa, repMH^ecKa*? 
o6pa6otKa a/ir chatmr ocraroMHwx Hanpaxe- 
H*itf« eo3HMfcaiou{t*x a pe3y/Tbrare A^opMa- 

UWM H np04ivWHpOB3HM» M6TOAOM H8K8T1CM. 

H38€CT9H cnoco6 H3roroa*eMw» rpy6 c 
npOAon bttblMU ro<t>p3MM nyreM AayxsTanHoro 

<t>OpMOB3HW« Tpy6b»-38rOTOBKW, npHMBM na 

nepBOM 3T*ne ee ro<>pupyiOT paAwa/ibHyMw 
ycwmwiM. a Ha btopom srane o6*vtMai0T b 
npo<tw/?wpoBaHHO# eo/?oxe. 

OA«a*o eosHviKatoiune a peay/ibrare 
c/iomhoA A^opMam^M ocTarosMbie nanpHMQ- 
nh* He AaK>7 AoctaTOMHO^ nonepeMHOA npoH- 
NOCTW, M#T8fl/i ct3hobmtc* xpynicwM « 



HenpuroA^H b K3Mecree .iAacT«pa npn peMOn- 

Tfi oGCaAHOft KO/IOHHW 8 CKBaXUHS. 

flllfl CHflTMfl OCT8T0MHWX nanp»*ceHM* Tpy- 

6unoABcpraiOYTepMMM6CKOft o6pa6oTKe - ot- 
)Kwry © nesax Twna flCO-06 wnw n 7„O-0y vi 
no/jyMCHMfl na Tpy6ax ojcmchoCi n/ienicn. bh- 
noAHfltomevt ^YHKUmm noAMa30MHoro noxpbi- 
tmr m o6naAaiotae^ AociaroMHOvi 

flOpMCTOCTbK) ^ aACOp6lJMOHHO0l cnoco6HO- 
CTbKJ K CM83K€. 

HsaecreH Taiwe cnoco6, npw kotopom 
TOHXocTeHMwe npo<t>M/ibHwe TpyOw npaB«T 
pacrvi3KeHMeMMpa3A3^^c MarpeeoM na aneK- 
TpoTepMkmecxoM ofiopyAoaanvin. CnaMana 3a~ 
rorOBKy Tpy6w HarpeaaioT Toxann 
conpotMBWMn« ao tQMnepaTypb* OTxwra. a 
ssreM nocne oxnaxAenu* pa3Aa»or npn noMa- 

HdAOcrarox cnoco6a 3ax/i}OMaeTc» a tom. 
MTonpvi wanoKCHMw rmacTwpa ^3 H^oTox^en- 

HbiX TpyO MOiKCT OpOMCXOAWTh P33PU6 HO 

npo$w/ibNoa oDpa»yK>me^. 3 npw Ka/io^envin 



3 



1749267 



4 



n/iacTupfl M3 oToxweMHwx Tpy6 c nocneAyKr 
iumM ro4>pKpoeaMkieMMO^eT nponcxoA"Tbo6- 
pa3oeaMMe.MMicpoipeiMMH bo enaA^nax n na 
ewcTynax npOAO/ibHux ro<J>pnpn AG(J>opMaunvt 
MXAOU wnM ^APWHecxoM c()opMbi, xorA3 eennOT- 
ho npw>*viMa»OT (HaxaTbiaaK)!) AOpnupyiome* 
ronoaxofl k BMyTpeHne^ noBepxnocTw o6caA- 
wo* koaohhw. B pe3y/tbTare He o6ecnemiB3- 
erca HaA^^HocTb repMerw3auwu na-3a 
MM3ROM n^BCTWMHOCTvi MeTaA/ia ro<t>pwpoBan- 
MOro n/iacTwp«. 

Ue/ibio n3o6peTeHM« pbaabtcp noBuiue- 
Hue HaaewHoc™ repMeTviaauMw o6ca*<eHHoa 
cKBa)KvtMU nyTeM nOBbllUeHMW nnacTMMHOc™ 
MBTanna n/iacTypa, 

CyiuHoctb M3o6peTeH^p saxwOMaeTca b 

TOM, HTO TBpM006pa60TKy T0K3MU BblCOKOW sa- 

ctotw ocyweCTB/i«K)T nocne ro<t>pnpooaHna, a 

-3aTeM nOBTOpMO HaHOCflT CMa30MHblfl CnOft. 

B pe3ynbTaie 3HaxonepeMeHHUx Ae$op- 
Maunftt KOTOpwM noAo^praeicfl MeTan/ia Tpy6 
npw rotfrp^poeaHWU ka* b npouecce w3roTOB- 
iieHwa nnacYbipetf, Tax w npw pasAaMe b npo- 
uecce yciaHOBKvi b cKBa^HHax, nponcxoAwT 
3MasviTe/ibHoe ynpowHeHne MeTa/ina. npmcM 
Haw6o/ibUine 3HaMenua ynpOMHewn^ npMXOA- 

»TC« K3 BDdA^Hbf rO<}>pWpOBaHHblX Tpy6, 

H3M6HeMwe roepAOCTM (Hv) cranw MapKM 
10 npH TepM006pa6oTKe, ro^pupoBaHwn u 
paaAa^ ninaCTbipa no*a33HO b TdSiuue. 

K3 ta6nvmbi bmaho. mto TeepAOCTb Mexan- 
s\a n/iacTbipa nocne pa3AaHH q o6caAHoft Tpy- 
6e AOCTuraeT Haw6o/>btuiix 3HaqeHMft, ecnw 
nnacTbipb M3roTaBnM6anc» w3 HeTepMOo6pa- 
eotaHHOtTt Tpy6w. npw vtaroTOBneHM nnacTbt- 
pefc H3 npeABapwrenbHO TepM006pa6oTaHHb»x 
Kpyrnux ipy6 npn ro<t>pnpoaaHM^ TaepAOcrb 
HecicortbKocHW5KaeTca nocpaeneHHtoc Herep- 
MOo6pa6oxaHHbiMn aaroTOBxaMui. ho noc/>e 
P03A3MM TsepAOCTb B03pacTaer homtm ao 
*ce eenviMMHw. mto m 6es TepMOo6pa6oTKM. no- 
cne repMUMecKOfl o6pa6oTKW ro<t>pwpoB3HHwx 
Tpy5 c RarpesoM tok3mh bucokow MacTOTw 
TBepAOCTb mx cnuwaeTC* 3Ha4HTe/tbH0, a no- 
c/ie pa3AaHM ohb MeHbine. mom y neTepMOo6- 

pa60T3HHWX. 

B oTniiMwe ot neMHoro w\m ra30Boro na- 
rpeaa npn o6pa5oTKe aaroTOBKn tokbmvi buco- 

KOfl MaCTOTW npOMCXOAMT He3HaMWTe^bH08 

M3MeHem4e 4>opmu ee npo<t>wn«. Ha noeepXHo- 
cm Tpy6w 06pa3yeTc« tohkw* cnoa oKanwHU, 
KOTOpbi^'He oTc/ian8aeTCfl b npouecce Ae4>op- 

M8UMM - C>a3Aa4H, CMa30HHUM CnOlH H3HOCMT- 
CP Hd BHyTpeHHIOK) nOBepxHOCTb 

oTo^^eMHbix npoAonbHo-ro^pvipoBaHHux 
Ypy6 nocne ux oxnaxAGHMR. Oh npenoxpanfleT 
BH/rpeHHioio noBepxMoctbOT KOppoanOMHoro 
pa3pyuieHM» b npouecce axcnnyaTau^n ^ chh- 
jxenMfl oceBbix ycwn^w a npouficca pa3AaMw 
nnaCTMpe^. 



(1 p m m e p. peMOHta g6c3a«oh ko- 
/iOHMt»4 AnsweTpoM 1 46 mm c TonmuHort ctbh^k 
8 mm nnacTbipb u3rora8nnfi3K)T ws TOHKOcren- 
hom Tpy6u Ana^eTpOM 130 mm c TonoiMHoA 
5 oeHKH 3 mm n3 crann Map^n 10. /InwHa Tpy6b< 
9-11,5 m. 

Ha BHyTpeHHIOK) noaepxHocTb Tpy6w Ha- 

HOC^T CnOti rpa^MTOBOM MAM APyOM CM33KM. 

npeAH33HaMCHHO^ an* CHu*eHHH ycunun ro<J>- 

10 pMposannfl. ro<t>pnpooanwe uMflKHApwMecxo* 
tpyOw npow3BOA«T na cneu^a/ibHo^ ycTanoB- 
xe nepe3 po/inxoayio roAOBxy c BnyrpeHHevi 
npo<{>MAbHoA onpaaKOi?!. nonyMaercn npOAo/ib- 
H0-ro4>pvipOBaHHaR Tpy6a c napyx<HWM A^a- 
15 MBTpOM 116 mm m mmcaom ro<()p 6 wnvt 8. 3aieM 
npon3BOAMTC« pvixTOaxa ro<|)pnpoBaHHO(?i rpy- 
Gw nocAe OTpe3xn ee na 3aAa«HyK> A^nny. 

3areM npowaeoA^TCH TepMMMecxan o6pa- 
6oTKa npOAOAbHO-ro<l>pMpooaHHOi?i Tpy6u - 
20 HopMannaauufl c HarpeBOM tok3mm BbicoKOft 
xacTotbt «a ycTanoaxe BMP 30/6. Rpvi 3tom 
npoAO/ibHO-ro4>pvtpOBaHna« Tpy5a ycTanaa- 
nnsaeTCJi ropM30HTanbno na ponwcOBbix ono- 
pax n c onpeAe/ieHHOrt cxopocTbK) 
2S npoAB^^aeTCfl sepe3 whayktop. 

Oxna^KAeHwe Tpy6u npon380AWTca na 
Bo3Ayxe. Cm33ks, kOTopan 6wna naHecena ne- 
peA ro^pwpOBaHneM, awropaeT. 

TaK xax s cKaa>KHH8 npn ycianoBKe nna- 

30 CTbipfl B HHTCpBaAe peMOHia npOM3BOAV1TC» 

pa3Aa^ nuacTbipA ao xpyr/io* <))OpMbi m npw- 

)K3TMR K CTeHKe 06caAH0fl Tpy6w. TO npW 3T0M 

B03HMKa»or 6o/ibiune t<oHTaxTHbie Harpy3*n 
Me>KAy n/racTwpeM w wncrpyMeHTOM P^ 3 " 
35 Aasn. CHuxeHH* 3tmx H3rpy3ox na bhyt- 

pGHHIOlO ROBepXHOCTb OAaCTWprt H3H0CMTC5* 
BTOpWMHO CMa30MHWfl CAOl?l, KOTOpWVt CAyjKUT 

xax ahh CHw^ennfl ycvtnn<H, B03hmk3K)iumx npw 
pa3A3^6 nnacTbipfl, xak m A^n npeAOxpaneHwa 
40 3toi^ nOBepxHocTw ot Koppo3uoHHoro pa3py 
iueH^ b npouecce SKcnnyaTauwu 

Co^eTawna repMnsecxo^ o6pa6oTKM nna- 
CTwpeft noc/ie ro^pwpoaaHMfl w naH^ceHwe 
CMa30MHoro c/iofl kb BHyTpeHHIOK) noae^x- 
45 HOCTb noc/ie repMMMeCKOft o6pa6oTxvt no3so- 
aak>t noB wcuTb nnaCTviMHoCTb h^eranm 
nnacTwp o6ecneHHTb GnaroAapfl 3tomy Ha- 
Ae>KH0CTb repMexM3aunn peMOHY^pyeMOvi 

CKB3M<HHW. 

50 

<X> opMyna M3o6peTeMHR 



Cnoco6 waroTOBJieHvifl ro^pwpoeaHHoro 
cTanbHoro n/iaciwp^. npeMMymecTBenHO Ana 
55 peMOHTa o6ca>KeHHo^ cxsa^Hbi. BK/tKNa»o- 
uahm TepMOo6pa5oTKy aaroroaxn. HaneceHne 

CMa30HHOrO CAO« Ha BHyTpeHHKJK) nOBCpXHOCTb 

aaroTOBxn m ee ro(J)pv.poBaHwe. o t n w h a o tu m v> 
c n tcm. ^rro. c uenbio noebiujeHH» naAe^nocTu 
repMervi3auMn o6ca>xeHHoCi ckb.ixmhw nyreM no- 
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BbiiueHMfl nnacrviHHocTn MeTanna n/?acTMp«, ocyu4eCT0n««OT nocne ro^pMposanuo. a sotcm 
TepM006pft6oTicy toomm qucokoA nacr tw noBTopno HBMocar cMa30Mt-,uiA c/iow. 



HCXOAHOe COCTOH- 

HMe MaxcpMana 


Bmao6| 


>b6otkh 


flo rcx}>pwpoeaHM« 


rioc/ie ro$>pnpo- 


TepMOo5pa6oTKa 
noc/ie ro4>pnpoQ3- 
mmp (wopMann3a- 
Ump) c HarpeeoM 

TOK&MM BWCO- 


Flooie paaAa^" 


6ea TepMoo6pa- 

6CTKH 

C repMOo6pfi60T- 
6es TepMoo6pa- 

60TKM 


1570 
1350 
1570 


1750 
1660 
1750 


1350 


2020 
1966 

1750 



CocTaoMte/ib M.PoroxviHa 
PeflaicTOP HTyHbKO TexpeA M.Moprefrrra/i Koppecrop i/l.Myc*a 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing! 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation— expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
lOsteel. Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 116 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 
heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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